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© Backlighting system for electro- optic displays. 



© There is described a way to provide night vision 
viewing compatibility of backlit electrooptic modu - 
lated light valve or LCD displays designed for day - 
Eight viewing. Liquid crystal displays (LCD) having 
only backlighting systems which provide a high 
brightness, good contrast, display under daylight 
conditions are inappropriate for use in dark, night 
time, conditions where viewing is desired utilizing 
electronic night vision equipment. There are de- 
scribed improvements to standard backlighting dis- 
plays in which, through the utilization of arrays of 
low -level intensity light sources (37) such as sec- 
ondary fluorescent light sources, miniature incan- 
descent lamps or light emitting diodes, the lighting 
means (18) used in daylight vision can be turned off 
and the secondary low -level lighting sources (37) 
achieve a minimum intensity acceptable for night 
vision electronic viewing. 
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This invention relates to a backlighting system 
for electro -optical displays and is applicable to, 
but not limited to, an apparatus and method to 
allow an active matrix liquid crystal display to be 
viewed. 

Active matrix liquid crystal displays are pres - 
ently being developed and used widely as instru - 
ment monitors in many fields of use. Particularly, it 
is advantageous to make use of flat liquid crystal 
displays in the cockpit instrumentation panel where 
the status of various sensors are displayed for 
viewing by the pilot. In the past, such displays 
contained cathode ray tubes (CRT) to convert the 
electronic information to visual pictures of the data 
viewable by the pilot. CRT displays require con- 
siderable volume for their installation. The advan - 
tage of any flat - panel displays such as active 
matrix liquid crystal displays is obvious. 

Liquid crystal displays can be constructed as 
multi and full color displays in several ways. One 
way is to use fluorescent lamps excited by ul - 
traviolet radiation as a backlighting panel. The light 
from this bright flat - panel is modulated by the 
LCD to create the patterns of information bearing 
pictures on the display for viewing by the operator. 
The backlighting panel can be a fluorescent white 
lamp with proper filters or of a properly organized 
blue - green - red matrix fluorescent phosphor 
structure. 

Several types of fluorescent lighting for LCD 
backlighting have been developed and used. One 
type, as an example, is a flat fluorescent lamp 
similar to that reported in the article "Flat Fluores- 
cent Lamp for LCD Back - light" by K. Hinotani, S. 
Kishimoto, and K. Terada, 1988 Society for In- 
formation Display, International Display Research 
Conference, .pp. 52-55. Hinotani et al shows the 
construction of a flat -panel fluorescent lamp de- 
signed for use in small size portable LCD televi - 
sions. 

United States Patent No. 4,842,378 by Flasck 
et al presents a method of illuminating flat panel 
displays utilizing a serpentine shaped fluorescent 
tube which is placed adjacent to the back screen of 
the panel to backlight the screen. Also shown in 
this patent is the use of individual fluorescent tubes 
spaced parallel to one other along a back plane to 
create the backlighting for flat - panel display pur - 
poses. 

United States Patent No. 4,748,546 by Ukrain - 
sky presents a similar use of fluorescent tubes 
where such fluorescent tubes are embedded in 
RTV rubber or other transparent potting material, 
and with the use of diffusing layers becomes a 
backlighting device for a flat panel display. 

In addition to the use of fluorescent tubes other 
methods of providing light sources have been 
suggested. The United States Patent No. 4,573,766 



by Bournay, Jr. et al presents a light emitting diode 
(LED) backlighting panel with the LED light sources 
installed in side edges of the solid state panel. The 
panel then serves as a wave guide to distribute the 

5 light along a roughened surface perpendicular to 
the edges where the LED T s are installed. At the 
roughened surface the light is diffused upward 
through the LCD and display area. 

Each of these methods of lighting a flat - panel 

70 display, and others not mentioned here, provide the 
capability and facility of emitting light at high in - 
tensity quite suitable for daylight viewing. In many 
cases, particularly military uses, it becomes nec - 
essary to be capable of viewing the same display 

75 during dark conditions where the viewer is utilizing 
night vision electronic equipment. Such night vision 
electronic equipment usually is designed to be 
sensitive to very low light level intensities, fre- 
quently in the near infrared region. 

20 Any near infrared source of light at an intensity 

above the surrounding night time conditions will 
have the tendency to cause night vision electronic 
viewing equipment to overload and cease func - 
tioning. Quite clearly then, the use of LCD displays 

25 designed for daylight use became a handicap at 
night in an aircraft where a pilot is relying on night 
vision equipment to view the environment about 
him. 

According to one aspect of the invention, there 
30 is provided a backlit electrooptic modulated light 
valve display device which comprises an elec - 
trooptic light valve panel for controllably modifying 
light being transmitted therethrough into patterns of 
information and first means for emitting relatively 
35 high intensity light through said electrooptic light 
valve panel and with sufficient intensity for daylight 
viewing of the display, characterised in that there 
are second means for emitting relatively low in - 
tensity light through said electrooptic light valve 
40 panel for use in viewing the panel in dark con - 
ditions with night vision equipment whilst the 
means for emitting relatively high intensity light is 
deactivated. 

The preferred embodiments are based upon 
45 the concept of the inventor that it would be desir - 
able to develop a method whereby the intensity of 
light emitted by an LCD display in the near infrared 
spectrum is sufficiently low as not to interfere with 
the operation of night vision equipment and would 
so thus allow the operator the ability to view such 
display through the night vision equipment. 

One possible solution to this problem is the 
design of an optical filter for the display surface 
which would allows sufficient visible throughput for 
55 daylight observation while maintaining sufficient 
suppression of the transmission of wavelengths that 
night vision equipment are susceptible to, e.g. in - 
frared (IR). Several studies were conducted by the 
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inventor on candidate filters for such a purpose. 
Unfortunately, the results revealed that those filters 
which would reduce the IR portion of the spectrum 
simultaneously did not have the best visible trans - 
mission. Therefore, with the reduced visible trans - 
mission, operation under daylight conditions was 
handicapped by the reduced brightness of visible 
light available at the display. 

In contrast, it will be appreciated that embodi - 
ments of the invention can be designed to provide 
for converting a standard fluorescent activated 
backlit display suitable for daylight viewing into a 
simultaneous display capability of emitting very 
low - level light intensity during dark viewing con - 
ditions with night vision equipment. 

For example, by the addition of a secondary 
matrix of fluorescent light sources, or light emitting 
diodes or miniature low - level incandescent lamp 
light sources, one attains ability to convert a stan - 
dard fluorescent backlit active matrix liquid crystal 
display into a display capable of effective viewing 
during daylight conditions with the unaided eye and 
during dark night conditions with the observers 
eyes augmented by night vision electronic equip - 
ment. 

Thus one may leave the design of a backlit 
liquid crystal display in its standard form for day - 
light viewing with the unaided eye and add to it 
secondary arrays of fluorescent light tubes aug- 
mented with filters and diffusers, or arrays of min - 
iature LED or arrays of filtered incandescent low - 
level light sources. Secondary fluorescent light 
sources will need little color balance adjustment 
since they compliment the same technique used 
for daylight viewing. Although the discussion is 
focused mainly on LCD type displays, it is to be 
recognized that the invention is applicable to any 
backlit display where an electrooptic modulated 
light valve functions as the medium for controllably 
modifying light being transmitted through it into 
readable patterns of information. 

Low -level miniature light sources can be in- 
stalled in a manner to emit a balanced white color 
to optimize the color control of the transmitted light 
by the LCD. These low intensity miniature sources 
can be a combination of red, blue and green light 
sources respectively. The relative intensity of the 
red, blue and green light can be individually ad - 
justed so that the color balance of the display is 
selectable. 

The use of secondary arrays of fluorescent 
lamps can involve placing them below primary 
fluorescent tubes in a manner that filters and dif - 
fusers can be interposed to reduce the light inten - 
sity from the secondary array, and also to allow the 
light from the secondary array to further diffuse 
through portions of the primary fluorescent tubes 
used for daylight viewing. During low light viewing. 



the primary fluorescent tubes are deactivated. 

The miniature low - level lamps are preferably 
chosen so that their emission is night vision com - 
patible; there is then no need to optically filter the 
5 emission of the primary fluorescent tubes by the 
use of a specialty designed filter. Again, during 
night time viewing, the primary fluorescent lamps 
are turned off. 

If miniature low - level lamps are located di - 
w rectly behind the fluorescent tubes, the light from 
the low -level miniature lamps is diffused by the 
tubes. This diffusion will tend to spread the low- 
level light evenly across the surface of the display, 
as is designed to occur when such primary flu - 
75 orescent tubes are activated to create normal 
backlighting during daylight viewing. 

If the low -level lamps are arrayed and located 
not to reside directly behind existing fluorescent 
tubes, the use of a diffusing plate can be used as 
20 may be necessary. This diffusing plate may be 
located either at the liquid crystal display or just 
above the low - level intensity lamps. 

The above location of the low - level intensity 
lamps in the back plane of the backlighting source 
25 is effective for those backlit sources utilizing flu - 
orescent lighting tubes or flat fluorescent lamps 
wherein the entire cavity behind the liquid crystal 
display functions as a fluorescent source of light. 
Other embodiments introduce the use of min - 
30 iature low - level intensity lamps with solid state 
light guide devices usually containing a roughened 
surface to cause light transmitting within the light 
guide medium to reflect in a diffused manner to - 
wards and through the liquid crystal display view- 
35 ing area. Such solid state light guide systems are 
also usually illuminated by a fluorescent lamp 
source, although other forms of light source located 
along the edges of the light guide can be used. To 
convert this form of backlighting, one embodiment 
40 utilizes low -level intensity light sources located 
behind existing fluorescent lamps in a similar 
manner as described above. 

For a better understanding of the invention and 
to show how the same may be carried into effect, 
45 reference will now be made, by way of example, to 
the accompanying drawings, in which: 

Figure 1 shows a cut away view of the con- 
struction of a backlit display utilizing primary 
fluorescent light tubes backed by holes for 
so housing low - level miniature lamp sources. 

Figure 2 is a cross - sectional view of Figure 1 
on line 2-2 showing low -level light sources 
beneath fluorescent light tubes. 
Figure 3 shows a cut away view of the con - 
55 struction of a flat fluorescent lamp which func - 
tions as a backlighting source. 
Figure 4 is a cross - sectional view on line 4-4 
of Figure 3 showing low - level tight sources. 

3 
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Figure 5 is a partial cross - sectional view of a 
fluorescent lamp backlighting source showing an 
alternative construction for low - level light 
sources. 

Figure 6 shows a solid state light wave guide 
backlighting source illuminated by side mounted 
fluorescent light tubes. 

Figure 7 shows a view of the solid state bac - 
klighting source system of Figure 6 augmented 
with low - level light sources. 
Figure 8 shows a cut away view of the con - 
struction of a backlit display utilizing primary 
fluorescent light tubes backed by slots posi - 
tioned to allow low -level light from secondary 
fluorescent light tubes to filter through. 
Figure 9 is a cross - sectional view on line 9-9 
of Figure 8 showing emission of low - level light 
from secondary fluorescent sources beneath 
primary fluorescent light tubes. 
The preferred embodiment now to be de - 
scribed is a backlit liquid crystal display panel 
which is readable with the unaided eye under 
bright lighting conditions of daylight and is also 
readable with night vision equipment under dark 
conditions of night, and which comprises the ele - 
ments of a liquid crystal panel 12, or any other 
electrooptically modulated light valve that control - 
lably modifies the light being transmitted through 
the panel into readable color patterns of informa - 
tion, a means for emitting relatively high intensity 
light through the liquid crystal panel and which has 
an intensity suitable for daylight viewing of the 
display, and a means for emitting relatively low 
intensity light through the crystal panel for viewing, 
in dark conditions with night vision equipment. In 
the usual case, fluorescent lighting tubes are used 
to provide the high intensity light sources for day - 
light viewing of the display. To the inventors 
knowledge, at the present, no suitable light source 
has been suggested or implied for providing a low 
intensity capability for use with electronic night 
vision equipment except for the invention pre - 
sented herein. 

A preferred embodiment of a liquid crystal 
display panel is shown in Figures 8 and 9. This 
embodiment utilizes primary fluorescent light tubes 
18 either formed in a continuous serpentine fashion 
to attempt to achieve light distribution evenly over 
liquid crystal display panel 12, or alternatively by 
using fluorescent light tubes 18 positioned parallel 
to one another behind said liquid crystal panel 
display or electrooptically modulated tight valve 
unit 12. Figure 8 illustrates the general construction 
for an LCD display utilizing separate, parallel flu - 
orescent light tubes 18 positioned behind liquid 
crystal display panel 12. Figure 9 shows a cross - 
sectional view on line 9-9 in Figure 8. 



A reflector body 24 is placed behind fluores - 
cent tubes 18 to reflect light emitted in the reverse 
direction of the fluorescent tubes back towards 
LCD 12 in a manner to encourage or enhance an 
5 even distribution of light intensity on the LCD. In 
this example, a reflecting surface 20 of reflector 
body 24 is sculptured to form cylindrically circular 
or parabolic reflection behind fluorescent tubes 18 
as desired for the particular circumstance. 

w Light emitted during daylight operating con - 

ditions is exhibited in Figure 9 by rays 30 ema- 
nating from the fluorescent light tubes. As shown, it 
is seen that forward emitted rays proceed directly 
towards and through LCD panel 12 while the back 

75 side rays are reflected from surface 20. This illus- 
trates the normal manner of operation for daytime 
viewing where the LCD display unit can be read 
with high brightness and good contrast. As a gen - 
eral rule, a diffuser plate 16 is placed in the path of 

20 the backlighting rays before they reach LCD 12. 
The diffuser 16 tends to smooth out the light in- 
tensity to aid in obtaining even intensity across the 
entire surface area of the LCD. 

In this embodiment slots 23 are cut through 

25 reflector body 24 just below the location of primary 
fluorescent tubes 18. The length and width of such 
slots will depend upon the particular size and de- 
sign for the display area required. Mounted behind 
slots 23 are secondary fluorescent tubes 37. Inter - 

30 posed between fluorescent tubes 37 and slots 23 
may be a filter plate 39. 

For low light level operation, primary fluores- 
cent tubes 18 are turned off and secondary flu- 
orescent sources 37 are turned on. Light radiating 

35 from tubes 37 passes through filter plate 39 and 
slots 23 before being intercepted by primary flu- 
orescent tubes 18. The intensity and light balance 
of the low -level light is controlled by the choice 
, for filter 39 and by adjustment of the power to 

40 secondary fluorescent tubes 37. The low - level 
light is further diffused and scattered by primary 
fluorescent tubes 18 and, finally, is emitted 
smoothly as rays 34 before transiting LCD panel 
12. 

45 In another preferred embodiment for a liquid 

crystal display panel, backlighting is again created 
by fluorescent light tubes either formed in a con - 
tinuous serpentine fashion or by using separate 
fluorescent light tubes positioned parallel to one 

so another behind liquid crystal panel 12 display unit. 
Figure 1 illustrates the general construction for an 
LCD display utilizing separate fluorescent light 
tubes 18 positioned behind liquid crystal display 
panel 12. 

55 Figure 2 shows a cross - sectional view on line 

2-2 in Figure 1 which further aid to view the 
construction configuration. A reflector body 24 is 
again placed behind the fluorescent tubes 18 to 
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reflect light emitted in the reverse direction of the 
fluorescent tubes back towards LCD 12 in a man- 
ner to encourage or enhance an even distribution 
of light intensity on the LCD panel. Light emitted 
during daylight operating conditions is exhibited in 
Figure 2 by the rays 30 emanating from the flu - 
orescent light tubes. Again, diffuser plate 16 is 
placed in the path of the backlighting rays before 
they reach the LCD to smooth out the light inten - 
sity across the entire surface area of LCD panel 12. 

This embodiment has the insertion within re- 
flector block 24 of low -level light sources 38. For 
the particular embodiment shown in Figures 1 and 
2, the placement of these low - level light sources 
22 are more effectively located along the axis and 
behind each fluorescent light tube 18. By this ar- 
rangement, as shown in Figure 2, low -level light 
emitted by light source 38, represented by rays 32, 
wilt be intercepted by the fluorescent light tubes 
and reradiated for the most part as rays 34. This 
effect serves to provide a diffusing nature to light 
reaching LCD 12. The net result is a low intensity, 
diffused light level impinging on LCD 12 which is 
well balanced across the surface area. The further 
use of a diffuser 16 is not generally necessary, 
although depending on the circumstances is ca- 
pable of being applied as required. 

The low -level light sources 38 may be either 
incandescent or light emitting diodes (LED). These 
light sources may also be constructed with lenses 
to aid focusing their emitted light into fluorescent 
light tubes 18. Various color low -level sources 
may be placed in their locations in a manner that 
they may be adjusted and controlled to yield light 
of a proper color, usually white, for transmission 
and modification by the LCD. 

In this embodiment red, blue and green lights 
are used and adjusted so that a white color balance 
to the display is selectable. With these miniature, 
low - level light sources chosen so that their emis - 
sion is night vision compatible, there is no need to 
operate the fluorescent tubes. During night vision 
operation such fluorescent light tubes would be 
turned off. In the event that selected low -level 
light sources emit a higher than desired intensity in 
the near infrared, small night vision filter inserts 36 
may be placed to reduce the intensity emitted by 
low - level light sources 38 to an acceptable level. 

Fig. 3 shows a modification in which a flat 
fluorescent light source 52 is constructed of an 
upper glass panel 54 and a lower glass panel 58. 
Each of these glass panels contains a phosphor 
layer 56 on its inner surface. Electrodes for ac - 
tivating the fluorescent cavity are located at sides 
60 to cavity 52. 

The combination of upper glass panel 54, lower 
glass panel 58, phosphor layers 56, and electrodes 
60 make up the flat fluorescent light source. An 



activate matrix LCD or electrooptically modulated 
light valve 62 is located above said light source. 
Daylight viewing would be accomplished with the 
above described combination. A diffuser plate, if 

s necessary, could be inserted between LCD 62 and 
the flat luminescent light source. 

Figures 4 and 5 show cross - sectional cuta- 
ways of lower glass panel 58 with installation of 
low - level intensity light sources. In Figure 4 low - 

jo level light sources 68 are installed in lower glass 
panel 58. Again, as may be required, small night 
vision filter 66 may be placed to reduce the inten - 
sity or correct the emission spectrum of low -level 
light sources 68. As shown, the low -level light 

15 sources are installed below phosphor layer 56 on 
lower glass plate 58. Figure 3 illustrates one man - 
ner of arraying the location 64 of the tow -level 
light sources on the surface area of plate 58. Of 
course, it is to be recognized that many array 

20 configurations are possible. In cases where further 
diffusion of light emitted by arrays 64 of low - level 
light sources is desired, a diffuser 70 may be 
installed on lower glass panel 58 beneath phosphor 
layer 56. This diffuser 70 can further smooth and 

25 aid in distributing the intensity across the surface 
area in a more uniform manner. 

Figure 6 illustrates a solid state optical plate 82 
used as a lightwave guide for backlighting an LCD. 
Fluorescent light tubes 84 illuminate the edges of 

30 light guide 82. Lightwaves 88 emanating from flu - 
orescent tubes 84 move through waveguide 82 by 
reflecting from one surface to the other back and 
forth across the width of the light guide. The lower 
surface 86 of light guide 82 is roughened slightly to 

35 cause diffused scattering of light rays 88. This 
results in a diffused spread of light rays 90 in the 
direction towards the LCD. This diffused reflection 
occurs continuously throughout waveguide 82 
along surface 86. By this means, the LCD is illu - 

40 minated from behind with a reasonably uniform 
field of light across its surface area. 

In Figure 7. light guide 82 is shown configured 
on two sides by fluorescent light tubes 84 and 
augmented on all four sides by distributed arrays 

45 of low -level intensity light sources 92. Therefore, 
the same principle as illustrated in the examples 
described above can be effective through light 
guide 82. 

During daylight viewing, fluorescent light tubes 
so 84 illuminate through light guide 82 to allow bright 
and high contrast viewing of the LCD. For night 
time viewing through night vision equipment, flu - 
orescent tubes 84 are turned off and the low - level 
light sources located in arrays 92 are activated. 
55 Again, varying colored incandescent low -level 
light sources or LED sources are distributed over 
light arrays 92. Adjustment of the combinations of 
colors used such as blue, red, and green light, 



9 



EP 0 540 140 A1 



10 



allow for establishing a desired white color balance 
throughout light guide 82. The installation of low - 
level light sources in arrays 92 may again be 
augmented with small night vision filter such as 
shown as 66 in Figures 4 and 5. 

While these specific embodiments of the in - 
vention herein have been illustrated and described 
in detail, it will be appreciated that the invention is 
not limited thereto, since many modifications may 
be made by one skilled in the art which fall within 
the true spirit of the invention. 

Claims 

1. A backlit electrooptic modulated light valve 
display device which comprises an electrooptic 
light valve panel (12) for controllably modifying 
light being transmitted therethrough into pat- 
terns of information and first means (18) for 
emitting relatively high intensity light through 
said electrooptic light valve panel and with 
sufficient intensity for daylight viewing of the 
display, characterised in that there are second 
means (37) for emitting relatively low intensity 
light through said electrooptic light valve panel 
(12) for use in viewing the panel in dark con- 
ditions with night vision equipment whilst the 
means (18) for emitting relatively high intensity 
light is deactivated. 

2. A device according to claim 1 wherein the 
second means (37) are arranged to direct light 
through portions of the first means (18) before 
that light reaches the panel. 

3. A device according to claim 1 or 2 and com -. 
prising a reflecting surface (20) positioned on a 
side of the first light emitting means (18) op- 
posite the placement of the electrooptic mod - 
ulated light valve panel (12) whereby light from 
said first light emitting means (18) is reflected 
through said electrooptic modulated light valve 
panel (12). 

4. A device according to claim 3, wherein the 
reflecting surface (20) contains through slots 
(23). 

5. A device according to claim 4, wherein the 
second light emitting means are arranged to 
emit light through said slots (23) to the panel 
(12). 

6. A device according to claim 5 and comprising 
filter means (39) placed between the second 
light emitting means (37) and said slots (23). 



7. A device according to claim 3 wherein the 
second light emitting means (22) are embed - 
ded within the material defining said reflecting 
surface (20). 

5 

8. A device according to claim 1 or 2 wherein the 
first means for emitting high intensity light 
comprises a side illuminated, internally re - 
fleeting, light pipe or guide (82). 

w 

9. A device according to any one of the preced - 
ing claims wherein the first means (18) for 
emitting relatively high intensity light com - 
prises at least one primary, fluorescent, light - 

15 ing means. 

10. A device according to claim 9, wherein said 
first means for emitting relatively high intensity 
light comprises a flat fluorescent lamp (52). 

20 

11. A device according to any one of the preced- 
ing claims and comprising a diffusing means 
(16) placed between the first lighting means 
(18) and the light valve panel (12). 

25 

12. A device according to any one of claims 1 to 
10 and comprising a filter means placed be- 
tween the first lighting means (18) and the light 
valve panel (12). 

30 

13. A device according to any one of the preced - 
ing claims comprising at least one secondary, 
fluorescent, lighting means (37) as the means 
for emitting relatively low intensity light and 

35 which is arranged to transmit light through the 

deactivated means (18) for emitting relatively 
high intensity light. 

14. A device according to any one of claims 1 to 
40 12, wherein the second means comprises 

multiple light emitting sources (22). 

15. A device according to claim 14 when appen - 
ded to claim 2, wherein said sources are as - 

45 sociated with optical lenses which aid in fo- 

cusing the emitted low - level light into the first 
means (18). 

16. A device according to claim 14 or 15 wherein 
so the sources (38) are associated with filters (36) 

to controllably further reduce the relatively low 
intensity light emitted to a preselected level 
suitable for viewing the panel display (12) in 
the dark with night vision equipment. 

55 

17. A device according to any one of claims 14 to 
16, wherein said sources are an array of light 
emitting diodes. 
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18. A device according to any one of claims 14 to 
16, wherein said sources comprise an array of 
miniature incandescent lamps. 

19. A device according to any one of the preced- s 
ing claims wherein said panel (12) is a liquid 
crystal panel. 

20. A device according to any one of the preced - 

ing claims and arranged so as to be operable w 
to define readable coloured patterns of in- 
formation at the panel. 

21. A device according to any one of the preced - 

ing claims, wherein the second means are 75 
arranged to emit light substantially excluding 
the infrared region. 
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